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ABSTRACT 
:Polyurethane (PU) foam is a material that has long been regarded as a good thermal insulator 
for building purposes due to many advantageous attributes, such as cost and feasibility. Yet, to further 
develop its performance, many studies have focused on the potential of using the micro-structure of 
PU foam as an encapsulation for PCMs. Despite the apparent advantageous outcome of this premise, 
from the perspective of thermal performance, fire-retardancy issues may pose as a threat. PU foam is 
known for its inherent poor fire-retardation properties. With the addition of PCMs, especially wax-
based, it is possible that the fire-retardancy would worsen. This would translate into additional costs in 
terms of application of treatments to counter the disadvantageous hazardous properties. In this 
study,an empirical investigation is carried out with the aim of determining whether addition PCMs to 
PU foam would influence its retardation, and to which extent.In this context, granules of wax-based 
PCMs are encapsulated in to closed-cell rigid PU foam via a simplified amalgamation method. Two 
concentrations of PCM content are presented in this paper. Then, fire-retardancy testing is performed 
on specimens to compare the performance of the created PU/PCM specimens with this of regular PU 
specimens. The outcome of this empirical investigationfurther confirms that addition of PCM to PU 
foam is disadvantageous in terms of fire-retardancy, and that the amount of added PCM is of 
considerable influence on this. 
Keywords:Polyurethane foam; Phase change materials; PCM encapsulation; simple amalgamation; 
Fire-retardancy; Pace of ignition. 
1. INTRODUCTION 
PU foam is a material that is widely accepted 
as a suitable thermal insulation for building 
envelopes. Many utilize such material as it is of 
relatively low-cost, with worldwide prices as low as 
$0.8 per kg [1] and $200 per m3[2]. Furthermore, it 
is available in numerous forms, such as thermal 
insulation panels and PU foam spray, which 
optimally addresses commercial needs. Figure 1(A) 
shows an example of a commercially available 
sandwich panel containing PU foam from TOPOLO 
inc., where Figure 1(B) shows commercial PU foam 
panels from  Focus Technology Co., Ltd.PU foams 
also are easy to install and require little skill or 
training to manage. Figure 1(C) shows PU foam 
easily applied to a wall through a spray method and 
Figure 1(D) presents application of spray PU foam 
to the ceiling of a building in Egypt by 
ETC®.Despite this, PU foam is inherently 
flammable[3–5],which has been the main cause for 
many tragic fire incident around the world that have 
been attributed to usage of PF foam, such as the 
incidents in residential buildings in China and the 
UK, shown in Figure 1(E&F). This requires 
manufacturers to utilize several methods to limit  
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such negative attribute to allow for PU foam to be 
safely used within buildings and comply with 
building regulation. It is worthy to note that many 
international standards have explicitly addressed PU 
foam flammability such as the UL94, IEC60695-11-
20, ISO9772 and ISO9773 standards.Literature 
shows that it is possible to reduce PU foam 
flammability by using certain additives and 
fillers[6–8,3]. The incipient nano-technology 
presents several superior solutions to this issue 
which have shown good potential in this 
regards[9,10]. Literature also shows that it is 
possible to use specific coatings that prevent the 
negative effect of flames of PU foam[11–16].To 
enhance the thermal performance of PU foam, 
however, literature has also presented several 
innovative ideas that include the use of PCMs as a 
sustainable material with little environmental 
impact.Attempts of incorporation of PCMs for 
within the matrix of PU foams have shown to be 
successful in terms of increasing insulation 
capabilities[17–25]. Various methods have been 
devised for this purpose such as direct 
amalgamation of PCMs and incorporation of 
polymer micro-encapsulated PCMs [17–25].It is 
worthy to note that  other useful purposes such as 
thermal storage have been seen to benefit from such 




incorporation[26–29].This approach has proven to 
be promising from the perspective of thermal 
performance.However, many PCMs are inherently 
flammable, especially in the case of wax-based 
PCMs such as paraffin wax, which seems to be of 
interest to many due to other advantageous 
characteristics. It is possible that the combination of 
PU foam and wax-based PCM would create a 
highly flammable material that is unusable if 
untreated. The present study primarily aims at 
investigating the degree to which PU foam flame-
retardation can be influenced by addition of PCMs, 
in addition to highlighting the possible effect of 
increasing/decreasing the concentration of PCM in 
the PU matrix.The mentioned aim presents a 
novelty in research as, to the authors knowledge, 
little or no research has focused on fire-retardation 
effects of PCM incorporation with PU foam, despite 
the extensive research pertaining to the thermal 
influence of such process. As such, a simplified 
amalgamation method is used to create panels of 
PCM encapsulated within PU foam. Two 
concentrations of PCM content are created. Then, 
samples of the created panels are tested for their 
fire-retardation properties. The aim is to explore the 
degree PU foam can be influenced by PCMs and 
determine the effect of the PCM amount. It is 
worthy to note that it is not the goal of the present 
study to provide official fire-retardation 
classifications for the created materials, rather, 
compare the properties of regular PU foam with 
PCM-enhanced PU foam. It is worthy to also 
recognize that regardless of the disadvantageous 
flammability influence that PCMs may have on PU 
foam, it is most likely that fire-retardation 
treatments can counter this effect. Yet, 
consequently, worsened fire-retardation properties 





Figure 1: (A) Sandwich panels containing PU 
foam. (B) PU foam panels. (C) Spray PU foam 
application to walls. (D) Spray PU foam 
application to ceilings.(E) Incident in China. 
(F) Incident in the UK. 
 
2. MATERIAL AND SPECIMENS 
In the present study, closed-cell rigid 
Polyurethane (PU) foam is used as a form of 
encapsulation of the PCM. As presented in Figure 2, 
panels are created with different concentrations of 
PCMs, which are then cut to specimen size as 
guided by the UL-94 standard. The specimens are 
marked and cured in an environmental chamber 
then exposed to flames. The performance of the 
mentioned specimens under exposure to fire is 
compared with the purpose of determining the effect 
of PCM. 
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Figure 2: Methodology for determining the 
effect of PCM on fire-retardation. 
 
 In detail, acommercially-available type of 
PU foam(CFS™2-part liquid foam) is utilized. The 
foam mixture entailed oftwocompounds, 
namely,Part A which is aPolymeric MDI and part B 
which contains Poly-etherols, flame-retardant, 
Silicone, Catalyst and Blowing agents,to be mixed 
withalmostequalvolume ratio(1:1.06), as is 
instructed by the provider. The PCM used in the 
context of this study was Paraffin wax with a 
melting temperature of 43°C. The PU foam mixture 
is mixed with frozen and ground granule of PCM, 
then, the mixture is poured into a secured mould 
where it begins to expand. An upper restraint (tile 
with weights) is placed immediately on the mould 
to ensure that the panel exhibits even surfaces and 
thickness. Figure 3(A) shows an example of the 
mentioned process for the creation of one of the 
examined panels. The upper restraint is removed 
after around 60 minutes of casting to ensure the 
complete solidification is attained. To investigate 
the performance of PU panels enhanced with PCMs 
three panels are created. A PU foam panel is 
created, used as a reference, and a PU panel 
containing an amount of 150ml of PCM, referred to 
as the PU/PCM150 panel. Also, a PU panel 








the effect of increasing the amount of PCM, referred 
to as the PU/PCM300 panel. All the created panels 
were of identical dimensions and of a volume of 
400 cm3. SEM images of the panels were then taken 
to examine their micro-structure, which show that 
the PCM granules have been homogeneously 
dispersed in the PU foam without any PCM 
accumulations. Figure 3(B)shows the location of 
PCM granules dispersed in a sample of the panel. 
According to several SEM measurements, such as 
shown in Figure 3(C), the granule sizes of PCM 
inside the panel were confirmed to range from 0.10 
to 0.25mm. The intermediate distance between the 
granules were found to range from 0.25 to 1.2 
mm.Figure 3 (D&E) show the panels containing 
PCM. 
 
   
  
  
Figure 3: (A) Creation process of PU/pcm foams. 
(B) SEM image showing the dispersion of PCM 
granules in a sample of PU/PCM panel. (C) Size of 
a single PCM granule. (D) PU/PCM150 panel. (E) 
PU/PCM300 panel. 
 
To comply, where possible, with the 
specifications of the UL94-HBF, and in coherence 
with the ISO 9772, the ASTM D4986 and GB/t 
8332 parameters, the tested specimens are 
determined to be of dimensions of 12.7 mm (0.5 
inches)* 127 mm (5 inches) with a thickness of 12.7 
mm (0.5 inches). For each panel, a number of 5 
specimens are extracted in addition to one auxiliary 
sample. The location of extraction of specimens 
from each panel was spread out within the entire 
panel.Figure 4(A)shows the locations of which the 
specimens are extracted in relation to the 
corresponding typical amalgam panel. The 
intermediate spacing between the specimens were 
1.80 cm, with an upper and lower distance from 
panel edges of 3.70 cm.Figure 4(B, C& D) shows 
images of the extracted specimens. It may be seen 
that, due to cutting issues, some of the samples were 
not fine cut. However, the irregularities observed 
were not seen to be of significant influence as they 
were minimal in size, hence, no considerable effect 
to the volume of the tested sample has occurred.The 
extracted specimens are, according to the 
specifications, cured in an environmental chamber 
at a relative humidity of 50% for a duration of 2 
days as a minimum. As required also, the extracted 
specimens are marked, using a non-corrosive 
marker, at both ends of each specimen at distances 
of 25.4 mm (1.0 inch) of each end. The marks, in 
blue, are to facilitate the timing of the spread of fire, 
in accordance with the mentioned standards. 
Additional markings, in green, are added to further 
ensure the accuracy of timing. Figure 4(E) shows an 
example of the mentioned marking on a specimen. 
It should be noted that the mentioned markings are 






Figure 4: (A) Schematic showing the location of 
the extracted specimens in relation to the panel. (B) 
PU. (C) PU/PCM150. (D) PU/PCM300. (E) 
Markings, for timing. 
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3. EXPERIMENTAL SET-UP 
The experimental set-up entails of a holder 
fitted with rotatable clamps. The clamps are used to 
hold a wire gauge which acts as a try for the tested 
specimen to be placed on during ignition, in the 
course of testing. The wire gauge tray, shown 
inFigure 5(A), is made of 1 mm thick aluminium 
with dimensions of 76 mm (3 inches) * 152 mm (6 
inches). An additional length was provided of 13 
mm (0.5 inches approximately) that was folded to 
form a right-angle rim used to further secure the 
specimens once placed on the aluminium tray. To 
ignite the specimen, a Bunsen burner with a shaft 
length of 100 ± 10mm was used. The burner was 
secured at an angled position of 45° to avoid 
possible dripping from the tested sample on the 
burner’s nozzle which may affect the properties of 
the burning flame, hence, affecting the accuracy of 
the procedure. A metal tray of dimensions of 25*35 
cm was placed under the specimen holder which 
had contained an amount of cotton bedding, with 
the purpose of capturing possible ignited dripping 
from the tested specimen. Two timers were also 
used in the context of the procedure, a standard 
analogue timer in addition to a digital timer, both 
with an accuracy of 0.01 seconds. To capture 
images of the incineration process of the specimens, 
aFLIR®E8 thermal imaging camera, mention earlier 
in detail, was set-up facing the specimen holder at a 
suitable distance. The mentioned apparatus was 
placed over fire-proof mats to avoid any fire 
hazards. Figure 5(B) shows in detail the 
components of the experimental set-up. It should be 
noted that the entire set-up was placed inside a 
Clean Air Ltd. fume hood, of a volume of greater 
than 0.5 m, fitted with propane gas feed as can be 






Figure 5: (A) Aluminium wire gauge try, as a 
specimen holder. (B) Experimental set-up. (C) Set-
up inside the Clean Air Ltd. fume hood. 
 
4. EXPERIMENTAL PROCEDURE 
The tested specimen is required to be ignited 
at one end for a specific duration of time, then the 
spread of fire is monitored in terms of the pace of 
spreading. The marks on the specimen are used to 
facilitate the mentioned process by showing the 
distance of spread against corresponding time. The 
length of the igniting flame of the Bunsen burner 
was set to the specified 38 ± 2 mm blue flame 
length, as stated by the UL94 HBF standard. The 
specimen holder/tray was re-positioned so that the 
end of the tray was at a height of 10 mm from the 
center of the burner’s nozzle. The tested specimen is 
then placed on the tray and rotated so allow for the 
end of the specimen to be in contact with the flame. 
After the specimen is exposed to the flame for the 
required time of either 60 seconds starting from the 
point of contact with the flame or until the burning 
section of the specimen reaches M1, the clamp that 
holds the tray is rotated again approximately 45° to 
remove the tested specimen away from the flame. In 
this final position, the metal tray which holds the 
cotton bedding is located directly beneath the tray, 
holding the burning specimen, at an approximate 


















specimen is complete, the timer is started. Also, a 
digital timer is started to ensure correct timing. 
Photographic and thermal images are taken every 
five seconds using the FLIR® E8 thermal imaging 
camera. The duration at which the flame-front 
reaches every marker on the specimen is logged, in 
addition to the duration at which the flame reaches 
the end of the specimen, referred to as Mend. Also, 
the duration at which the specimen self-extinguishes 
is timed and logged. It is important to clarify that 
the flame-front was not uniform in all cases. In 
certain specimens, the flame-front was seen to reach 
a certain section of a marker, whereas, the 
remaining section does not ignite till after a slightly 
delayed duration. In such cases, in accordance with 
the recommendations of the UL94 HBF standard, 
the timing was performed at the point when the 
flame reaches a certain marker, regardless of the 
marker location being not fully ignited. Besides, the 
mentioned delay in burning duration was of 
insignificant value, being within less than 2-5 
seconds. Furthermore, the fact that five specimens 
for each panel were tested, further ensures precise 
results. Also, the fume hood’s extraction 
mechanism in which the entire set-up was placed 
was turned off prior to conducting each. 
 
5. RESULTS 
The results presented later include the 
durations that are elapsed for the flame-front to burn 
the section of the tested specimen between everytwo 
markers. Also, the duration required for the entire 
specimen to ignite completely is provided, referred 
to as MEnd, in addition to the duration required for 
the flame to fully extinguish, referred to as ET. It 
should be noted that Both MEnd and ET are 
calculated, without including M1, meaning that: 
 
MEnd (Min) = (M1 to M2) + (M2 to M3) + (M3to M4) + (M4 to 
full ignition) 
Where, 
(M1 to M2) is the duration of incineration from M1 to M2. 
(M2to M3) is the duration of incineration from M2 to M3. 
(M3 to M4) is the duration of incineration from M3to M4. 
(M4 to full ignition) is the duration of incineration from 
M4 to the end. 
 
And, 
ET (Min) = (Elapsed duration for the tested specimen to 
extinguish)- (MEnd) 
 
It should be noted thatin certain cases where 
the flame had self-extinguished, the specimen was 
re-ignited. The tested specimens that have 
undergone re-ignition have been indicated by the 
term (RI) in the tables showing timing results, 
displayed later. The timing process, in this case, 
continued normally. However, in other cases where 
the specimen had self-extinguished for a second 
time, the specimen was not re-ignited. In the shown 
later tables, this is indicated by (X), meaning that 
the sample had extinguished before reaching the 
corresponding marker. In this case, ET represents 
the self-extinguishing time for the partially burned 
specimens. Furthermore, the pace at which the 
flame-front had burnt through the section of the 
tested specimen from M1 to M4 has been calculated 
in units of mm/minutes. As the tested specimens are 
76.2 mm (3 inches) in length and the elapsed time 
of the fire front in logged in minutes, the pace of 




(𝑀1 𝑡𝑜 𝑀2) + (𝑀2 𝑡𝑜 𝑀3)  + (𝑀3 𝑡𝑜 𝑀4)
 
 
An example of the testing procedure for one 
of the tested samples is shown inTable 1, in this 
case for a PU/PCM150 specimen. The 
corresponding thermal images are also shown 
inTable 2. It is worthy to note that all of the 
captured images were used for the analysis of the 
results obtained. 
 
Table 1: Example of testing procedure for 
PU/PCM150, at 10 sec. intervals. 
    
00:10 00:40 01:10 01:40 
    
00:20 00:50 01:20 01:50 
    
00:30 01:00 01:30 02:00 
 
Table 2: Example of thermal images during testing 
for the PU/PCM150. 
    
00:10 00:40 01:10 01:40 
    
00:20 00:50 01:20 01:50 
    
00:30 01:00 00:30 02:00 
 
For all the tested specimens, the logged 
duration required for the flame-front to travel 
between the markers is shown in Table 3, in 
addition to ET, PB and averages. Visual 
examination during the testing procedure reveals 
that, for the PU specimens, no flaming drippings 
were observed which indicates that the specimens 
are fully burnt without melting. All the specimens 
had self-extinguished and required re-
incineration.Trivial amounts of black smoke were 
seen during the ignition of the tested specimens and 




no afterglow was observed after 
extinguishing.Except for specimen 5,the PU 
specimens have provided intact remains. In the case 
of the PU/PCM150 specimens, similarly, no ignited 
drippings or smoke was observed. However, all the 
specimens were fully ignited without the need of re-
ignition and exhibited near-complete degradation 
without remains.This is also true for the 
PU/PCM300 specimens.  
 
Table 3: Logged timing for flame-front movement 





















Specimen 1  00:23 00:24 00:25 00:39 01:37 02:33 51.84 
Specimen 2  00:42 00:32 X - 00:32 00:51 142.88 
Specimen 3  00:30 00:19 00:19 00:51 02:08 01:51 51.49 
Specimen 4  00:26 00:18 00:17 00:24 01:23 02:42 77.49 
Specimen 5  00:32 00:35 00:14 00:25 01:39 02:56 61.95 
Average 30:36 25:36 18:45 34:45 01:27 02:10 77.13 
PU/PCM150 specimens 
Specimen 1 00:10 00:15 00:18 00:12 01:10 01:21 101.60 
Specimen 2 00:11 00:19 00:16 00:17 01:21 02:01 87.92 
Specimen 3 00:21 00:26 00:29 00:12 01:18 01:45 68.04 
Specimen 4 00:17 00:16 00:11 00:06 00:42 01:32 138.55 
Specimen 5 00:20 00:19 00:16 00:11 01:02 01:24 99.39 
Average 00:15 00:19 00:18 00:11 01:06 01:36 99.10 
PU/PCM300 specimens 
Specimen 1 00:06 00:06 00:07 00:17 00:41 01:12 152.40 
Specimen 2 00:06 00:08 00:10 00:07 00:52 01:18 182.88 
Specimen 3 00:05 00:07 00:06 00:06 00:51 01:11 240.63 
Specimen 4 00:08 00:06 00:06 00:07 00:42 01:11 240.63 
Specimen 5 00:10 00:05 00:12 00:15 00:59 01:24 142.88 
Average 00:07 00:06 00:08 00:10 00:49 01:15 191.88 
 
6. COMPARATIVE ANALYSIS 
AND DISCUSSION 
Comparison of the PU, PU/PCM150 and 
PU/PCM300 specimens is carried to determine the 
influence of certain amounts of PCMs on the fire-
retardation properties.The mentioned earlier visual 
remarks, in section5, indicate that as PCMs are 
added to PU foam, the severity of incineration had 
increased which resulted in the specimens burning 
completely with no remains and smoke. To achieve 
a detailed comprehension of this, calculated PB 
values are used. The PB value is significant as it 
shed light on the ability of the tested materials to 
impede or encourage flaming under conditions of 
being ignited. Hence, specimens with less PB value 
indicate better resistance to fire in comparison with 
these with higher PB value.It is important to note 
that the PB value is commonly used to achieve 
official classifications of fire-retardation of 
materials, however, in the present study, it is 
utilized as a form of comparison between the 
various tested specimens. A comparison of the 
average PB values is presented in Figure 6(A). It is 
apparent that the amount of added PCM has a 
significant impact. The PU specimens, that contain 
no PCM, were seen to average a PB value of 77.13 
mm/min, whereas theaddition of an amount of 150 
ml of PCM, in the PU/PCM150 specimen, has 
resulted in faster burning by a 128.49% 
(corresponding to a PB value of 99.10 mm/min).An 
additional amount of PCM in the same quantity, 
represented by the PU/PCM300, results in an 
additional increase of 148.79% in terms of the speed 
of burning (corresponding to a PB value of 191.88 
mm/min). Hence, it can be inferred that the addition 
of PCMs to amalgams is disadvantageous in terms 
of fire-retardation. Figure 6(B) showsthe correlation 






Figure 6: (A) Average PB values. (B) Influence of 
PCM amount on PB value. 
 
The duration at which the ignited specimens 
would tend to self-extinguish is an important factor 
in terms of fire-retardation. The extinguishing 
duration, in the present study, is calculated as the 
time elapsed from the point at which the tested 
specimen is fully ignited to the point where the 
flame is completely extinguished, and, referred to as 
ET. A low ET value can indicate good fire-
retardation in cases where remains are created as 
this would indicate that the materials were able to 
create a charred layer which self-extinguishes 
flames. However, in a case such a this presented in 
the study, no remains were present. Hence, a low 
ET duration indicates that the materials have been 
rapidly degraded to the point of complete 
incineration, thus, poor fire-retardation properties. 
Figure 7(A) shows a comparison between the 
average values recorded for the tested specimens.It 
can be seen that ET is reduced as the amount of 
PCM is increased. Comparing the ET values of the 






































PCM amount (ml/400 cm3)




it is seen that the ET duration is reduced by 00:34 
min (corresponding to 01:36 min.). Furthermore, in 
the case of the PU/PCM300 specimensthe ET 
duration is further reduced by 00:55 min 
(corresponding to 01:15 min.). The degree of 
influence of the amount of amalgamated PCM on 
the reduction of ET, in comparison with the ET of 
the PU specimens, is expressed in percentage of the 
ET for the PU specimens in Figure 7(B). Hence, it 
may be inferred that increasing the amount of PCM 
within PU foam would result in faster degradation.It 
may be worthy to note that it can be observed that 
there is a partial correlation between the ET values 
and this of PB. In the PU, PU/PCM150 and 
PU/PCM300 specimens, it is clear that where PB 
increases, ET decreases. Meaning that, as expected, 
the faster the flame ignites the specimens, the faster 
the self-extinguishing will occur.The intensity of the 
flame as it passes throughout the specimens is an 
indicator of the tendency of the tested specimens to 
further induce flaming. In specimens with relatively 
good fire-retardation, the intensity of the flame 
would be expected to be less than this in a specimen 
with poor fire-retardation properties. This can be 
assessed in terms of flame properties such as high of 
the flame in relation to the spread of its base in 
addition to its temperature. To shed light on the 
mentioned aspect, thermal images were captured 






Figure 7: (A) ET values. (B) Effect of PCM 
amount on ET duration. 
 
In regards to the PU, PU/PCM150 and 
PU/PCM300 specimens, there seems to be no 
apparent difference in the temperature of the ignited 
section of the specimens as the thermal images 
indicate that in all three specimens, the mentioned 
section’s temperature was in excess of 280 °C, 
which is the maximum readable temperature of the 
utilized thermal camera’s range of temperatures. 
However, it can be observedthat the flames 
engulfing the PU/PCM300 specimens are of a 
slightly higher temperature than these engulfing the 
PU/PCM150 specimens which are in turn higher 
than the flames affecting the PU specimens, which 
implies that the amount of PCMs can intensify the 
burning flames.This is in line with the mentioned 
earlier findings. Also, correspondingly, the flames 
in the case of the PU/PCM300 specimens can be 
seen to be of relatively larger width throughout the 
entire height of the flame, where, it is of a less 




Throughout the earlier presented fire-
retardation testing, it is evident that the inclusion of 
PCM within the structure of PU foam can be 
disadvantageous in terms of fire-retardancy. As 
PCM is added, PU foams seem to be more prone to 
the effects of flames. The inherent flammability is 
seen to intensify. Also, it is apparent that the 
amount of PCM can correlate to this. As more PCM 
is included, the fire-retardancy properties worsen 
correspondingly. The negative effects are 
manifested as an apparent increase in the pace of 
fire, meaning the materials would burn more 
rapidly. Also, self-extinguishing due to complete 
degradation is observed to occur at a shorter 
duration. Furthermore, in terms of burn remains, as 
PCMs are added, the intensified flames result in full 
cremation. This impedes the creation of a charred 
coating layer that can limit the effect of flames. The 
mentioned findings imply that encapsulation of 
PCM in PU foam would require a form of fire-
treatment to ensure that PU/PCM-based thermal 
insulation can perform within standard safety 
regulation. It is possible, however, that 
amalgamation of other materials, including natural 
materials, can counter the negative effect of PCMs, 
thus, reducing treatments.Based on the mentioned 
findings, it can be recommended that in the case of 
using PCM as a method to enhance PU foam, 
precautions must be taken to eliminate possible fire-
risks. For instance, low-cost fire-retardant materials 
such as ash, sand and plant-seeds can be added to 
PU mixtures to decrease the pace at which such 
mixtures would burn. Also, micro-encapsulation of 
the PCM content using fire-retardant polymers can 
significantly improve the overall fire-retardation of 
a PU/PCM mixture. Furthermore, a physical 
separation can be made between the PU and PCM 
segments in an insulation through macro-
encapsulating of the PCM as a layer combined with 
the PU foam. This would allow for the isolation of 
the PCM content, thus, eliminating fire-risks. Other 
types of PCMs, such as salt-hydrates can be useful 
in this regard as they can be inherently fire-
retardant. It is evident that this can be a possible 
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 (PU)على خواص مقاومة الحريق لرغوة البولي يوريثين  (PCMs)ر المواد متغيرة الطوريتأث




من المواد التى تستخدم بكثرة وبكفاءة فى مجال العزل الحرارى (PU)تعتبر رغوة البولى يوريثين 
. وسهولة اإلستخدامويرجع ذلك إلى العديد من خصائص تلك المادة كإنخفاض التكلفة . ألغلفة المبانى
هذه المادة و خاصة الحرارى ل داءاالوعلى هذا، فقد ركزت العديد من األبحاث على إمكانية تحسين 
 هذه المادة والمسافات البينية داخل وحداتها كوسيلة لمدجل (Cellular-structure)التركيب الخلوى بإستخدام 
 الدراسات فاعلية هذا اإلسلوب فى تكوين مواد تت العديد منبوقد أث. مواد متغيرة الطوركميات من ال
إال وإنه على الرغم من كفاءة هذا اإلسلوب، إال أن خصائص . للعزل الحرارى ذات األداء الجيد مطورة
و رجع ذلك إلى أن رغوة البولى يوريثين تعتبر بطبيعتها .  مقاومة الحريق لهذه المواد قد تشكل خطرا
فة المواد المتغيرة الطور، وخاصة الشمعية منها، فإن خطر الحريق قد ومع إضا. مادة سريعة اإلشتعال
وفى هذه الحالة، فإن هذا قد يكون له تأثير سلبى من حيث إرتفاع تكلفة وكمية المعالجات . يكون مضاعف
فى هذا البحث يتم دراسة تأثير المواد متغيرة الطور عن  وعليه، فإن. الالزمة للحد من خطر الحريق
 إسلوب الخلط المبسط لوضع حبيبات المواد متغيرة الطور داخل ألواح من البولى يوريثينتخدام إسطريق 
وذلك بهدف تحديد األثر السلبى المتوقع إلضافة المواد متغيرة الطور من حيث مقاومة الحرق مع تحديد 
كميات مختلفة من  لتى تحتوى علىافى هذا السياق، تم مجموعتان من العيانات وو. تأثير الكمية المضافة
ومن ثم، عرضت هذه العينات إلى إختبار لفحص شدة اإلشتعال وذلك بهدف مقارنة . المواد متغيرة الطور
وقد أوضحت الدراسة أنه بالفعل قد تتسب . كوينها مع أداء مادة البولى يوريثين العاديةتأداء المواد التى تم 
البولى يوريثين كما بينت إرتباط شدة اإلشتعال بكمية  المواد متغيرة الطور إلى زيادة حدة إشتعال مادة
 .ضافةالمواد متغيرة الطور الم
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